f‘ . L ] ’ ) t
\|‘ - ' - o *
S, . DOCOMENT RESUKE | Lo
ED 188 388 T ,somras o
e ‘f ! . : i B o e . ! .
AUTHOR ~ 'Thotndyke, Perry W.: Stasz, Cathleen
JITLE - - Prainipg Procedures for Map Learning.
.  INSTITGTION fand Corp., Santa Mohica, Calif., = - =~ ‘ ‘
. SPONS ASENCY “0Office of Naval Regearch, Washington,.D.C. Personne;
- S - and Training Bragch.: Office of Naval Research,
A .+ . Washington, D.C. Psychcloq1cal Scxences Dmv.
. e REPORT §O° ,:aana—n-101s-bus ; - , .
PUB DATE - Jul. 73 . e T
"CONIRACT - N0OD214-78-C-0042: NR 157 410 . o L
\ NeTE * 50p.s; For related rouments..see S0 012 482, -
AVAILABLE FBDM ‘The Rapd Corporation, 1700 haln Streety Santa ﬁ:zﬂca. :
i Ca 90&06 {$5. 00\ e . - -
EDRS PRICE .'.HFDTIPCOZ Plus Postaqe. - T
DESCRIP;:RS .dﬁnﬂtlve Dbiectives; *Co;nztlve Style- *Educat snal
A0 . Practices: *Educational Research; Higher Education;

*Learning Processes; Locatlonal Skills (Social .
‘ S ‘'Studies): *Map Skills: Postsecondary. E&hcatxcn. AR
A T, ,‘*Skill Development ask Analysxs : . \
-t v ) . “‘f r.f . o - “\- ‘
apsraagr | | | ' ’ A
. : Ihls paper discusses a study +*0 determine’ the
1nfluenca Vd?study procedures on success at map~learning tasks. The-
hypotheszs was that subjects who used certain (effective) léarning
procedupes would perform better than subjects who stressed ‘other '
(less effactive) techniques. ‘The effective. procedures set comprisei.
. techniqu for learning spatial informa tion, using self-<generated

RS

fegdback td& guide subsequent study ‘behavior, and partiticfning the map

‘intc sections. The less. effective procedures set.comprised sub)edts'_
| ,. random learnlng techniques, random sampling, and unrestricted £azus
| - of att ention. nethaﬁalo§y involved. directing 43 college studemts to
. learn and ‘reprodice maps ascording to their own techﬁlques. Sub;a,ts

were then divided into three groups 2nil Instructed fo participate in
a, sacond map-learnrng task in which they used 1) prceedures ‘
‘ prevzously determined Y- effect*ve learning aids, 2} procedures
', unrelzted to learming success. or 3) theéir own learning tedhnlguzs.
_Findings from a comparissn of performance on the first and sgeonl o
map-iearning task indﬂca+ea that performance improvement was directly
~relatad to> the freguency with which subjects used procedures )
designated as nost effectlve learning =2ids. The conclusion . is that
 stuients can improve learning effec+*vepess and performance of
complex tasks such as map learning if they use pracedu*es 6es;gnated
_mmaﬁ.effe*t;ve learnlng aias. (D7l

.

Y . ' “ : - L
‘ L

********** **********************#**** ﬁi*****&i&*************ﬁt***#******’h*

Ji' *x Bapro&uct;ons supp;ieﬁ by EDRS are %the best that can be kade
* o from the original document.

e » . « .
- -
IS

*"

&

» ok kK ***** *“*t****** *******##**.******* “**#****#******t* *******#******



-

"OFFICE OF NAVAL RESEARCH '

b - *  “PERMISSION TO REPREDUCE THIS
~ * US DEPARTMENY OF NEALTN, . ot}
= . | EDUCAT{ON & WELFARE . MATERIAL HAS BEEN GRANTED BY .
i NATIONAL INSTITUTE OF . ‘ o : :
o | | ’ ' . moupAmow o - _ﬁand_ﬁaQD___
. O o ‘ ) ' THIS DOCUMENT ' WAS BEEN REPRO- .
- * . . DUCED EXACTLY AS RECEIVED FROM k :
i THE PERSON OR ORGANIZATION ORIGIN: :
" , ATING IT POINTS OF VIEW OR OPINIONS - .
. STATED DO NOY NECESS‘““’:;:;E:ZR; . . »
- " SENTOFFICIAL NATIONAL INSTITUTE OF TQ THE EQUCATIONA URCES
- : cy
- . ‘. EDU‘CATK‘)N quleQN OR POL " 'NFQMT!ONCENTER‘ENG)«"
. . : “ - - "
) - . !
.N-1018-DNR - , .
[ ' . . . . *
‘ . ‘ ' B N - o . .
‘July ¥979 - - . - o .
. - ) ) . . . B “ N
‘ . - . . . .. “. ) VT
-' L ] € t R <
' ) o ) .
TRAINING PROCEDURES FOR MAP LEARNING - . , ‘
., A - ’ L
’ a \ .. -~ . . * h . -
Perry N Thomdyke and Cathleen Stasz - . . | . \
. W ut
. ,: _, ) . — . - PP IR
) S & R :
: . A . ’ ~ PR ‘ . ‘
’ - S . L., . ’ - 2 . / ,f e - P "- - .‘n .
. A . «® . er‘ . N, .
. ) . ~ . I e E .
. ‘l o N Y
A Rand Note - . R ol
\\. L. . E A ' . . ) ‘ .' :(f e .
& : . ‘
prepared for the A FS

.
;
¥ ‘ PR S
. . _ t -
-~ . - g -
r ! .
N 1 ‘ ) » -
£
- L -
. . - . r\-‘
- , - __? )
. rd . , ! - ’ . , »
e Y o
‘ - ’ ‘ 2. -
. - / - . L
. 1l,r.—.r' v
- . “ - W
. . . IOV - =
. . ' . . o T
- . ! . s ' & -
. ,“Q“ “_; - 3
. . P P b
. et s -~
L e , .
A
4 o - '
. - ha— B -
Rl o 3 ] ’
. b &
¥ ' - RO #
. e
¢ Tyt *
- ! a . b4 . &
- - - - - = ‘1‘, = — b4 & R JE — e
- 4 A Z 2 '
. ’ . . .
. ’ ] : - - .
) : v .
3
. a5
+ - N »
N P SANTA CA 90406 » .
. »
» ; . ) n .
.o 2 § :
L8 < . '
~ a4 . g ) . .
’ R Lt . . B}
- PR . . -~ ~ . ! b
o . . ;/ h . . .
. A W . N ; T ! ‘L
: v, - i '.x’ o :
ST . . A’ ' R
. -

- .I/

l t ‘,‘
¢ o ‘
. : . .

. , ¥, LI o “4‘,. h .

. ., .
I
. ‘ ;.
. T e FSFEY 2 )
v 7’*:3/(’ L
-

APR 1 7 1980

e mowo FOR wmc masse msmwncm UNLIMITED - T : LT L

i



*

-
A3
-
LR
‘.
o s
-
<
’
B 4
¥
/f'\.-__
A\ ]
1]
»

t o . \l' . - -
L N . . . - - . - .

- - . . ~ ) .

This research was sponsared by the ?ersonnel‘and Training
Research Programs, Psychological, Sciences Division, Officc -
of Naval Research,,undet contract No. NOOO014-78-C-0042, .
Contract Authority Identificatiom Nugbe:, NR-157-410. ©  °

A L] R Y 4 v
. : -
R . .
. ¢ ]
. Y
- s . ‘i
H < . -
,-"“ R - - . -
. . -
! -
&
) Ky
-
¢ %
3 . , ,
. . -
S ) N
- " ; . (
.. - i . . - b
. | . . -
- .
! , . -
¥ L
- V\\
-~
- - b - - -
*
. - -
L
. \
- r , *
1]
»
. L]
. .
| s By |
. . -
: , .
» - . (Y3 ‘/ -~
’,‘ - . ] - »
i - . .
. L o
“. ,
| .
| @ .
. &
N | N
| . ¥
= | . /‘ ’
{ % /
. . ~
. . .
i {
. _ —— ‘LL. P ‘ - S . ol — e e —

The Rand Publications Series' The Report is the principsl
Publication décumenting and transmitting *Rand's mafBr research
gfindings and final research results. The Rand Note reports
other cutputS‘éf sponsored research for general distribution.
Publication of The Rand Corporation do not necessarily reflect.
the cpiniong or pclicies of the sponsors of Rand research.

L

. Publishcd by The Rand Corporation ~°

.
- +
lf?
L3
. [
- .
'.
".
r
' ~
]
L
L ]
*
-
. =
4
‘e
L . ..
b
A 3
-
L ]
] ..
-
¥ b
-
’!
{
-
.i;
I
B Y
i
b L]



. . ' .
N (ot .-. o ! et SN J '
f . e . . - - ) - . 1‘11 ) -~ { ‘ .
,‘ ) . . \ L 8 . . N Pl e, Y ) _.‘-!_ ¢
- ’ . ° P ' bes ‘ T - - // ’
N ‘m“\- . b PREF ACE - , - . \:
o -“‘.' ‘ \\- ‘s ' ’ ' ! : . . . .
- "“\\ L - E K » \ .« ¢ *
) . . NL}'\" ’ | & -
. .- Tﬁis st;udy is the ~set:mxd in a éeries"of Raxid investigatinns
; ~  of t.he process of map learnmg ‘l‘he uork repox’ted here was
- Y S '.
e .petformed hetween Septemhér md Decenber 1978 and was .supparted
R by ‘the Personnel and Trammg Researcb Prograns of ‘E Offu:e of
. Naval Research Addxti.onal research m t:his a 'a :.s cnntmumg
. . ) DR
' - : and will “be docmnented in subsequent x:eport 4
P N * - - i -
. B S » A
¢ ‘ » ‘ t. - ) . ’ . e . *
. - B . } 4 M i - '
_ T . , . s .
- . . ‘ . - “; - ’ .
. ' o , / ' s - -
‘/‘/ . — - . ~ -
¢ '/ -
‘ . S * . .
v \ . M .r . v, ‘~‘ -
. ' PR '
. ’ I "t' N .
- / ¥ .

vt



- g Thxs study xnvestlgated the influence of 'suhjects‘ high¥ | . T

'3 LI L)

level study.procedureS-Q\\thexr ?uccess ‘at learn;ngxa map After i'\ '/’rﬁ‘,

. - learnxng a’” map using the1r pwn technxques, sub;ects were

anstructed (a) in the\use of 51x-prev1ously detennined'effective'] 4 .; ‘ ( -‘ﬁ\ |

P | learnxng.procedureﬁ, (b) in the use of szx procedures unrela;ed

L ,: . to learning ,success, (c) ‘to continue using their own " N

- N teChniquas;. .-The 'effectiv?-proc;hures .get ‘c;mpfised  three .'} ; et
technlques for learnlng spatxal 1nformatxon, two technlqugs for . s

N uszng self-generated feedbac; .to guide subsequeﬂt study behavxor," - ’*   .‘ .

.and a pracedute for partitlonlng the map into sectxans. On_a_
..s_econd. map-,leammg task, subjects tr_amet’ to. use effective
procédures improved their ﬁerformanté significantly more than

L suhgects in the~ other two groups. _ The magditude of* -thé

‘ perfotnance 1ncrenent was a functxon of the frequency w;th whlch
these subjects used the desxgnated procedures In addztloq; hoth ¢f__‘-1 . ‘ -

snb;ects? *ﬁap“learning perfornﬁnce and subjects -use of spatlal
S e . { 'r :
2 ( y . learning proceduxeS'were predictable-frum'a psychamet:xc -geasure-. .. f"k‘

N . ' . . “

~ of vxsualﬂﬁ-‘\;§\§3r11ty. These f%P&ings suggest that'high-level L

’ procedures and low~leve1 processing skills play comylementary - ' : N

4, % >

. roles in deternxnxng conplex task performance
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; o . .. - P | (. . \\ : .r:‘ |
‘ | . .\ I. INTRODUCTION

© ¢, Individual 'differedces_ among leefners . ‘comstitute an
" important ° source Qf-varigfion in many learning and memory tasks:
. ' . . . - . - y . ) . [} :

.+ One source of individual differences often sﬁudied'Py educational

o psychOIOgisté is the variation in‘the basic skilie"required to”

perform the experimental tafk (Snow, 1976; .Ctonhach & Snnw,
1977) ' Researchers have Escently begun to conslder another

potentlal sonrce of differénces in cemplex‘task performance ;he

1978; MacLeod, Hunt, & nathewé 197&) o a study: of  map

\

learnzng, Thorndyke and Stasz (19?9) found that successful_

.- . 7 .
N learners dlffered from: poor learners in the hzgh-level processing

[ ~

. - '.",>‘ procedures “they used when: attempting to learn a map. Several:of

;ﬁ_ ' ,'the p‘ocedures used prxmarxly by gcaﬁalearners reqnlred them to

-

- LT encode spatxal @nfxgg:atmns af_mf.omauon from the map. T!us_.

. o ) S P
'suggested the possibility that \spatial ahility} _mot ‘procednre

- ' selectxons nig t-underlle the observed individual dlfferences in
o . $

»

in"studies of -shbrt-term retentlon in  other paéadigms '

] o (Huttenlocher & Burke, 1976 Cnhen & Sandherg, 1977; Lyon, 197?)\J
. > 0T :

subgects ‘ can / sxgnlflcantlyé/fzmprove thelr map-learnlng

-

performance, independent . of "their basic abxllt;es, by u51ng

efféctive processing procedures. By training subjects in the use
ot . o . L . T

procedures that sub;ects use gc perfocm the task (e. 8- Johnson,

- primarily-account‘fer ;ndxv;dual differences has received support.

perforﬁénce The hypethesxs that abllltzes, not,‘p:ocedures,t_-

- .




L]

: Iheyl studied a ‘map for - two ming;gs,' du

" of cergaxn ‘processing procadures correlatqd wzth success in the,

-

earlxer study (Tharndyke \& Stasz, 1979), wve heped to improve
thEII performance dver thap of suhjects of equnalent abllxtles

using selfLselécted procedures. 'Since the results of the earl;er

study guided our sglectiqn éf,procedures for thegpresenﬁ sﬁuéy,
we briefly summarize the reéulﬁg “of r.%at gxpe:imeht here.

.- V.

) ot .
‘-
-

 To identify the procedureg subjects use to learn a map, we

analyzed verbal protocols of subjects. who were. trying to memorize

two maps. Subjects were either experienced or novice map users.
Y R : ‘ N

prov1ded verhal protacals*descrlbxns what 1nformatlon they were

focusxng on -and ‘the procedures they were usxng to learn that

~
/

infotmatiqn After the: study period suhjectsupéew as much of

- the map as they could remember. Six such study—recali trials

‘were prQV1ded on each af two maps (shnwn in Flgures 1 and 2{\“

Analys1s cf suh;ects' proﬁocals‘ and reéall performance

revealed that a varlety of performance dxfferences could be
traced to differeances 1n-p;ocess;ng .prpcedures.' Good learners
frequently used procedures fthat' were ,rarelyv‘useéf by poor

rocedures than on subjects'’ rior experience usi -maps.
P . J

' Experienced‘ssp users were exther successful or unsucdéssful . map -

RS

learners, dependxng on the prccedures they adopted dUrzng study

.Tablg 1 shows the correlatlons,between theﬁfrequency rof use of

. . o -

. selécted procedures énd‘the percentage of map elements cdrrectly:

recalled, averaged across maps. A map element corresponded .to

A

which time they

*

learners. Success depended more on, the use  of gggticulaé\\~—-!.

»3

At
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~ Correlatlons between Strategy Use . and\Recall
(after Thq:ndyke & Stasz, 1979) .
| N X ‘ ."}‘.‘: ; '..; - :\—/‘ - e ___/‘ ‘.s . .
K Strategy e Corfelatxon wxﬁh Recall
é t”ﬂ l——trnnanapinu—L-—---n-------n--uo-——-g—qnutnc—-fd
a Imagery . ) ' . 66?#- .
. Evaluafjon of unlearned 1nfcrmat10n .61 * S
e Relatidd encoding Co e ST'ﬁ
- " "Rehearsal LA e, 54 %
. Pattern’ encodlng s : .50 *
.. - Memory-directed samplxng : 46 ¥
* - Partitioning . .31 . :
R 'rLabellng . ‘ *: _ ) ,14' ., A‘ kg
. Mnemonics - | . o -17 .
~ -Association ' . =298 .
bor % p <. .05 ‘ ) I i=-”' . "'_ U
e - . |
ﬂ& ‘We supplemented these cc::glatxonal dafa hy contrastzng the

the map elemgnts correctly by the lpsg trlal.~ By conparlng the

2

—5

- B o . ‘. ;' ‘: .., . . - ) . ] . ‘ ‘ “ . . \
~ the name “plus locatiom of-a siggle conceptual entity, such as a.

h]

¢

"

‘ learning ptotocols of gocd Iearners 'ah poor learners. Wé,j *

defxned,goed learners as sub;ects who recalled at least 90% af

'1

protocols, from the two groups, we ‘isolated  six

.

_ seemingly

.effectivé ' procedures: péftitiopingl memory-directed sampling,

H

xgage:y, pattern ‘encoding, reIﬁ}icn““encbdiﬁg;‘“and“'

Beeause these “Six procedures play an lmportant

iy

present study, a brief éeScriptien of each folloWs.
-~ e ‘

.

evaluation. e o

rolefinlfhe



g S e ¢
' . . S n ' . . . . ¢ . _' "' S R ' i
. - Partitioning is,a procedure for focusing attention on "a ) '
R . v o . " . , - ;
. - : £ N

'%uhset of'the map information Since-each‘map centained too'mnch‘“

1nformat10n to be, learned on any oneitrxal,.some learners deflned

N ) . -

maanlngful . subsets  of the 1nformat10n .on wh&ch to focus

* -

' g@téntiog.‘. Sub;ects partxtlongg the map in  two way by\- o
- A - et ““ ‘. 0 . . -

’ attendiﬁg only- to elements in a pgrtxcular spatial region | e.g{,

E

.

.7 the northwest corner of the map), or by-attending only to elements . _
in a particular conceptual category (e.g., streets). BRI o B 3

.‘\‘ . . .

- . . @ . . a . A . .- ) . _ : L]

A subject using'mém52§;directe& Samﬁiingiwculd- ccnstrﬁtt h" R

. \\‘“ mental list . of the lnformation that was not recalled dur1ng a

A3

glven recari attempt. Qn the next study trial, the'suh;ect would .
s ; L v
1mmedla$ely'search for and study that unlearned 1nformat;on. IR 7
N ) o ‘ . D

. . . “ L

magegg imvolved the constrnct1on in memory of a visual

1mage of fsome portxon af the map For example, suhgects.nght

forn a mental 1mage ef the shape of the coastlxne in ‘the map o 3  T

! o shown  in Flgure 2. Suh;ects would often exh1b1t the use of this 'i~ _?f ,
| procedure_ by clcs;ng thexr eye& or hy looklng away from the - m;§ | | oo
dur1ng the study perlod’ n - . | - : - Y :
: - Pattern enéodxng required the explxcxt encadxng of a spatzal |
detaxl or shape af a smngle map element For example, a subgect ‘ } ‘;

- . -

mxgpt notxce that a road curved to the north halfway along ,;ts‘ - N

length. | ';.‘ o - o ’- | ‘ (L - PR

y - . ) . ) N -

The relation”encoding'procedure was ﬁsed ;5 encode . detailed.
| spatial relatienshiﬁs between twofdr more .objects. For example, a ' Lot
H .

A . , subject mxght encode the locatxon of a bulldlng as a partichlar

< 9

. : street 1ntersect10n or notlce that two streets were parallel .

CT R = PN




Sub;ects 'use7‘0f evaluation iavolved monitoring - their

>R

RV : learnlng _progress by con51der1ng what i £prmatxon they had

- learners prxmarily foeused atteantion on and

A elements, 1gnor1ng that informetxon they had alriedy 'lea:ped

uir

v,? | Ce percentage nf all, eve}uﬂtlon statenents that concerned

al ,
' unlearned rather than elready learned map eIENEnts. £ T

Rt N . In sum, good learnexs Etructured ﬁhe. learning' task by

defxnxng and systenatlcally stuéyxng subsets of 1nfornat10n from

encodlng procedn:es thet vere partzcularly adaptive for learnlngvl

. ' . spatial _1n£er§at;on | ﬁlmqgery, pette:n~ encoding, relation

'endeding). Finelly;;fthei‘ eveluaeedf their leareing' progress .

o .» e . o
consxstently end accurately, using et—he outcome of 't.haise

‘ . ¢

B ’7‘ evaluatxons to guxde thelr stndy behAV1ors (eveluatlon, memory-jgf

. e A
RN . VA
. - . .

dlrected samplxng)

) -
I R

,f"ﬂ‘ .~Whiie'§ﬁese high-lé#él processing'ptccedures were correletede~

' ";/;fx £ X

with learnxng outcomes, SuCh proeedures are but one of several

potentxal sources of 1nd1v1dual dxfferences on.thxs taskel It

. "not clear what rqle the use of these procedures alone plays 1n

;n;_i_m___n_m_elea:nlng thle_snmeﬂﬁindxes have«ghowp that learnxngf can be

£

3

AT 19?1 Rohwer, 1973) or chunkmg (Bover & Winsenz, 1969 Belgont & '

Butterfxeld 1971; Hunt & Love, 1972 Estes, 1974); cher studxes'

-
.o - . . I

i .o~

alresdy Iearned and what st111 needed to be studxed. 6003,7‘ ,

' aluated nnleatned.

e the ump (partxtxonxng ‘and nemory-d1rected sampllng) They used

. . meroved through the use of such procedures as 1mage§y (Pa;vxo,,,»"
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A ; .
-, . /f; .‘4, - . “ | ; ‘f ‘/'. c | .‘ -8: ‘ \
".-‘ l‘ ‘e. o f/ .“.' P i ‘ f‘tA ,‘ s | .o . ‘ . .
. /Q?; 3 F have demonstrahe¢:;kai 1nd1v1dual dxfferentes‘ remaxn even whgn
) '~7f”lfﬁ*(- oo
, _/g/jQ;§5? sueh procedures are precluded (Huttenlécker & Burke, 19?6 Lyon'
- . ‘

] v REE A N . ‘ N S
. ;’; ~ R Hunt (1978) has propcsed that individua;/ differences dn

S L - S -
PV cognrtron -arise frem three sources différences in the use of
‘-“}’ :& ‘ S0 -, * ‘ .

A L SR S )
f;@gqﬂ ;aﬁ;;n sxmple processrng procedures, dlfferences 1n knowledge related to
drfope w3t

fr7 i .9, » or about the task, and dlfferenres in the.low-level.mechanics\of
S R BRI ' ‘ . ’ b C . o

oo EIEE S TR ¢

a‘”r . ;‘.‘ . “")A ‘ . Lt

R A procedure use clearly dxfferentzated good from poor Iearners _in

< . o . o o C
. _ failure of experienced map users to perform consistentfy better
f“' ,:, (,‘ ; . * B Y
.o ' than nov1ce map users suggests that knowledge about - maps was not

a source of performance élfferencesu\ The thlrd. source - of
. . Cy

... refers " to _basic operations performed on the phy51cs1

R . representation .of & symbol.. These'ﬂoperations are presumed

-

operatxons 1nc1nde‘decod1ng, vzsualxzatlon, selectxve filtegéng,

U ¢ [‘ﬁ .

- memory retrieyal, apd memory comparlson.' Numerous,stndies have |

demonstréted\individ&al differences- in thesé 'operations on a *

v ) o S~

variety of tasks (e.g., Hunt Frost, & Eunneborgg 1973; Hunt,

Lunneborg, & Lewis, 1975 Cohen & Sandberg, 19?7; Lyen, - 1977,
/T

*.\—"_” ol . e

.

Gcldberg, Schwartz, & Stewart 1977)

PR -
direetly, but it seems reas’a};ie to \"Ias'smhe ‘that subjects
differed ‘in’ their ah111t1es to carry out theése processes.

- ’ a *

s
»

'J . .qyjl"infotmatidh-proeeésing.,‘Differences in suhjeéts proﬁrles qf'

1{{ﬂi'35" the Thqrndyke and Stasz'61979)&study. - On the other fE?nd, the

ipdxvxdual varxatxon, the mechanlcs of ;nfornat1on processzng,,.

| indepen&ant of the infcrmatieh ‘deneted by 'the‘rymbol.:,Such'

_ Thorndyke,_anda Stasz did not measure these: operationS'
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a

(‘ szferences at thls level of proce%élug typacally 1mgact on.
.hﬁgh~1evel prncedure choxces (HacLeod Hunt, & Hathews, 1938)
i - Fcr example, on the map-learnlng task,' subgects dxfierxng iﬂ ~§”'u

. self—reported vxsuallzatlon abxl1ty employed dlfferent

/

‘procedures The'best map learner state& that he had gcod v;sualz »“

. ry K

mmmory and frequently constructed visual lmaggs to learn and

¥ - xememher 1nformatlon By contrgst the worst learnef ;eported

’ L . ' . . s . ‘[ W :
R o’ 4 . s o )
S _ that he had \very poar memory for spatlal 1nfo;?£é§on and h‘ -

'never experlenced havxng.vmengsl 1mages. Thif'

- ¢

prlmarlly verbal procedures and did not attempt to léirn the

;paxe ;
/" . ﬂ“*u

. “complex spat131 »confzguratxons on tﬁ; ‘ !
Thq.' dyke,. a7$),' ?éo |

‘ * .'.“-

' another stuﬁy of map learning (Stasz

psychametrlc measures (vxsual ﬂmemory “abillty gnd f1 ld~‘

o ‘ | ‘ fa
I dependence) co;related highly 1th b tb ?’ formangl Pn”the task a
oL . . L RS ; A A ’“ /,’ﬁ L g

W SR 'These‘ studies susgést Cyfat A th' higggﬁﬁléﬁéi.-pfééedute

/R .

,// among 1nd1v1duals.: T‘é pre ent
 .!' -/ - whether 'subjécts 1ld ) 'axned to, qse h setgbf successful

.pfocessing procedu’es fof - le 1ng infor#atzon ftum maps ;aqd R f,"

h

comprxsed thtee e

‘.A.L L

performarce. -

L\ _ Dy e - .
.\g~ + . praqcedures f 1nfo:mét10n (imagery- pattern!
encodiﬁg,'ré ation/cho ing), twc procednges for usxng self-
o - oy

genefated-‘ eedh ck t gu1de subseguent study behavaors (memory-

Az

L

'dxrected amplzz t{7@1,'mat.mn), and a.procadure fer dlvidxng the
(o]

learnin prohl subproblems‘(partxt;qning) o o :




" To contrast tralnlng in the use of effect1ve procedures wrth

L t.he effects of 1nstru&on per se‘, ve meluded sub_}eets who ‘

*

rrecelved traznxng on six procedures uncorrelated with performance >

-

1n our prevxous study These procedures were mnemonlcs, labelrng,ﬂ

rehearsal.,- end t.hree assoeiatxon proee 6res ' Correl*atxons'
between perfomnee and the use of these procedures are presentedv
— _:.n Teble I. The- mnemdnxc procedure requxres ‘the oreatmn of an

Q -~ :

S 'aeronm to represent. the names of severel map element.s. ., For *

- .‘..‘e v . R as . Y
g s m——

exanple, SEAK' is a mnemo\ue for the exty nmnes} of Sxdney, Hope,
A‘rno, | and Keele on the Countnes Hap The labelmg procedureg';
\ - requires the generetlon of a coneept or name for ‘a complex

' spanel. eonfigurat:on as | a  cue’ for -"r'eeel‘l For exampl‘e,ga

' o sub;.ect mght notice t.hat the eoasthne on the Countrzes Hap

s foms r;;e prolee of a feee._ The re\hearsal procedure ent.azls t.he

_ repetitmn of a set of nmnes or locat.mn desﬂ:xptions In the

.'prevxous study {Thorndyke & Stssz,' 1919), one good leeme:_,

‘ - ‘ reheqrsed the nems of 'the map elements while_ imaging the spatxal o |
. rela’tmnships ""—f tho'te elenents. Thzs comhxned use of rehearsal

Lo o and mgery produced t.he high correlatxon between reheersel and

‘o

‘..r_eca-ll shown in Table 1.‘ In a .subsequent st_udy (ﬁtasz & )
Thorndyke, 1979), reheersal was unrelated to performance.‘ The

‘ three, assoe;etxoﬁ pr.oeedur’&s estabhsh conceptual relatlons

between two or more’ map - elements. 'I‘he first association

' - ‘ — -~ - - [ - - R S W SR

]

, / . procedure consists of '_‘creating' a. link between;-s"ome map

. mfometmn snd some related przor knowledge. For example, t.he .

] subJect mght notlee that Harket Street on ‘the Town Hep 15




.q

RERR Y o _‘

- .
) : , _. .

spatially similar to Market Street in San Francxscer 'A seécond

tgpe of “aésociatiqn' relates two of more ob;ects from- the map,

‘

usxng some addxtzana} world knowledge._ For example, one mxght.

N

,11nk Vlctory Avenue W1th the adjacent golf course through the'

association "Vlctory at gqlf.? e A third . use, of ;h;s general

-

procedurei requires' tﬁé creation of ,a narrative or scenario

xncorporatxns several map elements (e g R &Thg - BUTLER weht to
CHURCK and saw CEDAR ‘trees in the PARK ") -Since théée'proéedures

1’ _‘. '

.

- were uncarrelated thh success in our prior stu&xes, training

-

“subjects to use them shouId oo affegt their performance.

L . , ' -

the Bulldxng Hemofy test’ from the K1t of Factor-Referenced

0

' Qogﬁxtxve Tgsts\(Ekstrqm, French,v & Harman,. 1976). Thzs test

measures A.subjects" ability to remcmber the conflguratlon,
. ’ ¢ . " :

-

[

location, and.Q:ientﬁtion of spatial 1nformata9n lih a_ complex

'/Qe also assessed the vxsual memony abxllty of sub;ects usmsg“

-~

g,

éisptag. If*#isua;,gggoggﬁgcgpunts for much of the~variétion‘in

' learning,uor' if it is a prerequisite for usjng high-level' -

‘pracedures,-'uthsn . training should ~ have' little effect- on
. ‘ . : .

-

performance. - o ' .
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IT. METHOD - ' ‘

HATER;ALS, e

expermuental materxal At cnntaxned a rxver, streets buildlngs,

- parks, and other laadﬁirks typzcally found xn a small town. All

of these map elements except the rax}rcad gxacks had verbal

-

t L N :
ffggrtrayed count;:es, cxtles; roads,. ra;quade, ané pramlnent

labels or nhmes assoczated thh them The Ceuntr1es Hap, shown_.

in Fxgure 2 served ‘as the post train1ng test mnterxal It‘
def{gred from the Town Map isd _botlzs scale and cont.ent. This mp

A

terraxn features, such as an ocean*,an island, rivets,.lakes,.and

ig .. - 4

- a monnta;n. Reeds and razlroads had nq.verbal, labels, but all

. B Y .

The Town Hap, shown in Flgure 1,_served as the pre-traznlng '

other map,elementsywereqnamed: In constrgctxng these naps we

L]
*

,atﬁemptedlto iﬁclude e Qariety of types.af msp infonnation and to

[N

make the maps as natural as possxble A th1rd map, adapted frnm a

study by thmron (1975) was«;;ed'by*suhgects durxng braxnlag to.

e

. jpractxce ‘their learn g proceduresp ' Thls. County ‘Hap depicted

{

K . Q ) o '.,(n t -
. mountains. . . e oL
__— . | n )\- ‘ ) ;

-

" SUBJECTS

-
-

’ : . . . : : - N/

Fortyathree sub;ects partxcxpated in the study. Thi:teen

an 1magxnary.Acaunty; contalnlng rcads, cities, a ‘river,' and "

were Santa Monxca ﬁommnnlty College students who wereé%ald $3.50
per .haur ‘ Thxrtg, suhgects. were ‘ UCLA undergrsduates who

art1c1 ated in order to fulflll ‘a course :equxrement.
P R

-
-

+ “
)

“ . ‘,~' ‘ L . , . o f ,)r) . X ‘ .
- ‘ C a3 s ‘o -
- . N o ., .\

,’.‘\_

A
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Suhgects\yere randemly 3551gned.$e elther the contrbl grcup

.
-~

N “®r one of two traxnlng groups. The Effectxve Proqedutes groug

¢ (n~1éf necelved lnstructxon on six p:ocedunes~ correlated w;th

N
A

[N
-

PR - memory—dlreeted sampllng,,and evaluatan The Neutral Frocednres
. &y . : \.

. : . -
.Q - . .

. _ previously uneo:related..w1th performance-"mnemonlcs, spatxal

S lhbelxng, rehearsalh.and three"assgcxatlon,,proiépures.' The No
S SPRE . ' o

Procedures. group {n=13) received no training. N

. - . [

ﬁ, ’ . o

A

PROCEDURE =~ ° |
' . : BT » .

B ’ P d

w

-

%gceeﬁsﬁul learning"in our prexious stndies. -These-procedures
N . <o . . ) \ . ] .. . .

“were pattitibﬁing, imagety, pattern enceding, relation 'encodiﬁg,

1
group (n;;,lé) rec&ived 1nstruct10n on sxx pmcedures- t.hat were E

4

' Wiehin'each‘treatment_ condition subjeets; ﬁere 'tested. in . |

A gro%get ‘ ﬁke§ﬁé were tol& thai:j the stud investigated the
P ‘ h\ . ‘4 ’ . . . “__‘ b -

effectxveness of certaln procedures fhr‘learnlng fmags and that

.

B thexr task was to learn, using any Qechnaques they knew, the map g

" they would be shown. Each SubJECt was then g1ven a copy of the
n

3 wan Map to study After ‘two mxnutes,the map was w;&hérawp and

. suhgeets were xnstructed to draw as much of the map as they could
A ‘ A}
. | . remember.. Recall time was limited to seven’miputes. Three
. . . i . - ] —f""\“ .

-
" .

study-recall Qrials, adminigtered in this -manner, served as 4.
e ‘ ) : , .

) Al
. .w ' N

e P, . P ———— y £

- -

pretest of map .learnimg. = T . <
. . | . A | ‘ ) I o ‘ ‘ ‘

r"‘ C L - . . L - -

instructiop on the use of 1earning(§echniqu£s.‘ For the Neutral-

a

e

: . : ’ W : . . . o .. . "
" .and Effective-Procedures,groups, the experimenter described each

Following , these trialsi ‘eachl.greqp.'reeeiveé - different

£

%4



nt of‘“thet respective procedures for that group in ‘detail.

¢ L L

Instructions for the usé of the evaluation procedure empﬁésized,

'ip addition to-the technique itself, the aévaﬁtages.of acﬁnraéy,
-attention to ‘unlearned elements, and subsequent study of those

] : eieménts.v The e&periﬁéﬁtgrVillustréted‘the'usﬁ of éach»proceduré

| -~ D o
e * on their own copies of the map.
LY
L .
’ ot . ‘ "“*

Sub;ects in the - Nc Procedures~ group weif 1nétrucﬁed to
- . : e
: cnntxnue uszng their own learnlng technlqﬁes on the next maps.

+ i-

In addxtlon, }pe experlmenter prQVLded sqme generhl 'suggestzcns
fcr ;mprovlng performance on subseqhent maps ﬁhe uxged suh;ects

(a) .to conceritrate on the task and not, to be dxstracted (b). to -
- evaluate the effectxveness of the technzques they were using,'(c)t

to: éxscuntxnue n81ng any techn1ques that appeared = to  be

\

< | 1neffect;ve, and (d) te try to. learn-a$ much as p0581b1e Ln the '

-

time provided, For all’ . three ' groups, = this | training ~session
+lasted between-20 and 30-minutes. : ’
L ‘ ) £, ' ‘ ’ -l; o - ’ - -

. 7 : ‘ .o
SR Subgects were then glven cop1es of thl County Map and

instructed tu practxce the technzques that they had been taught.

R . . ,‘)"

* Two trials, consxstxng of twa mxnutes of study and fxve mlnutes
.- for recall, Werg-provxded.' Eollowzng these,prgctxce tr1als, the
L : B . : ' : . ' ) r'

o S . . ;
experimenter reviewed the learning procedures and answered ° any

. _-“.qi{esitiang“‘ about their use. Subjects were then givem Copies of

. . _the Cguntzéés-ﬁap éndfinsﬁrﬁcted.to u%g ghe‘techniques they had

been ' taught wheneéér possible. Subjects alternately studied. and

) . * ' f . -
b * ’ e . ! . '
- . . .
. . ) . ; -~
R .8 i ) [
. - . ,
, .

. - o . o S
l“ .- . - .

- - - : N i : * ’ . “,

. iR} X ' . . . -
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reproduced the map on five study-recall trials.

,Provided for each.studj trieEXISeven minutes for recall.

. - After the last. recgil 'trial, subjeé%ig' cqmpletedi‘ two,

questionnaires‘ reﬁorting the proceddres they USed during study.

Each questxonnaxre canprxsed 16 qnest1ons, eac% of whrch requ1red

B Y - ]

:ﬁg‘~ E ’ subjects to indicate . the £requency with &hich they used a

I;P': I '[; K

#

. "'lr
A

“

X

particular g§ocedure."ﬁihe.bf the lﬁféuestions referred to the

1
”

effective . learnlng procedpres, and sxx_quest1ons referred to the |

. . ' neutral precedures. One questxon referred to a procedure no; in
-either‘ﬁsee. For each ‘question, a statement -describlng the
. procedure was followed by an example' of 1ts use 'on ‘ the

.,

_appreprlate map. ’ Suhgects rated how- of;en they used the

procedure on a scale rangrng from 1o Cnever used ghe proeedure)

-

| ta‘ "6" (used procedure on every trial).

~ . = v

“'partxtienlng §r6cedﬁre, 1buestxon 2 to\ “ome. of the essocratlon
- : procedures. Subjects ¢ sulted’égerr“maps while anSQerrng all
| ",queStrone.t Following
ot § . .

‘took the esychametric- test of #iSual gmeﬁory ability. §'.Total
N - , . e

traznxng and testlng tlme for each group was approxlmateIYxEWG

aﬂu£*; ,;Q». P A

i

d one-half hours.

In -

-_5 ,"‘ ‘ | -
Two minutes were

Frgure 3 111ustrates ai‘

- procedure questlon for each map Questxon 1 refers to the‘

*

o

-

i

R . . . o
ompletion ‘of the questionpaire, subjects
] ™ . ~ .

&

S
o
t
|
-
]
]
3
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»

Av | : /F,

- ‘e

‘!
| . ) $
: .ﬁ) I divided the map into smaller ‘sectiods or parts and -
' : - concentrated on 1earn1ng the xnformatlon in éach smaller
’ part ‘ ‘ ] , S
- & ' . P . - )
e Example Tried to learn‘all the 1nfornat10n located in
. : : ‘the area-above Market Street in the northwest
. carner, of the ‘map. L :
Circle the' number whxch.indlcates whether or not and how ’
: often you used this’ strategy ' v
' o 1 2 3T 4 s e
HEVER ONCE/ONE OCCASION- FREQUENTLY = MOST OF EVERY |
- "TRIAL ALLY - THE TIME TRIAL
‘l “‘ \ : : -
: l'.v . ) - ® ) Ly
I tried to learn cestain information by associating, it
in some way to my experxence or to other facts that I
knnw. .
Example: The map remznded me of Africa. Thefe is a
\ country in Africa called ’ Zambxa, whicl&}s‘
R N sxmllar to Gambla.‘ -
ercle the number whlch indicates whether or not and. how
often you used this strafegy. .
' o RS | 3 4 s . 6
s+~ NEVER ONCE/ONE OCCASION-., FREQUENTLY  MOST OF . EVERY
A ' TRIAL ALLY e

THE TIME TRIAL

‘.

1

(4

L
£

igure 3. Examples of Strategy Quest1ons for the Town Hap

-~ _apnd the Countries Hap

A

L wmkib.
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S ¢+ . III. RESULTS AND DISCUSSION

. ' LA ' €
. - a
3

: ’ .

e - Each map that suhjec‘ts tecalled was scored for percent
. correct ;reprgdué'tiqn of . .map elements Ce. g btuldmgs, toads, - o )

“' o 'co.unf.‘rigﬁ,‘ ia'kés;‘ parks,, etc.).. An elqmgnt couid\ hage two-
| , ‘al-:ti:ibﬁteS' a.- spatial locatién and a 'verba]-.'label' The Town'.l!h(p- .
. . ‘contaxned 33 elehents, all ‘but-one of whlch veré labeled. The L
‘ 'Countrxes Hap ccntamed 43 el.eme.nts 26 of whxch had nanes and 17

of whlch were unlaheled The County !{ap was. used only for L

¢ L e |
- ‘practlce and was not scered for recall _' E : I S -

e e o - o

. - . _ _ : . . _ 1
Recall of spatial’ ani” verbal information was. .scored '
separately ‘usuxg t:he demsmn rules descnbed in Therndyke and
// ST .Sta‘sz (1979). For each subject, _the. proportions  of ~verbal

' attributes, spaﬁmln attr;{:tes, and .entire elements correctly

,e

. .recalled were{ computed for each trial. -An overall score for each A .. -
' A e e R

map was btamed by couputmﬁthe mean across recall t;uals\.

)
‘ Scores for t.he Town Map represent the mesn recall “across three.

. . learningf" trials; scores on the Countriés Map :epresént recall '

+ , across five” trials. v

s f

PRE-TRAINING PROCEDURE USE - -

¥ o {

,,,,, ¢ —3
.o ‘procedure use and - learnmg performance before . t.rauu.ng ‘ ' e

We were f1rst mt.erested in the relatlonshl& bet.we

- ‘The:efore we dxv:ded the 43 suhgects nxt‘o good and poer lesrners',‘

,' based on- pqrgformance. on the first map. We defined gaod “learners - .

as subjects whose last trial i'ecall was at least 45% and whose.

.




\ ‘ ‘ - C S o s ."'18"' T | ‘ | .‘ -
‘. ‘mean recall across trials was at least.34%Y -Poor ~learners all
s I . e 8 X S
v~ had last-trxial performance of less than 40% and mean recall of
¢ - . | .
idss than 32%. -Thgse ériteria preduced a"‘group of 20 good . :
i learners and‘ group of 20 pocr learners Thréé'sﬁbjECts.who‘.
could not be unamblguously classzfled were dxscaréed from th1s L ';EZ
’ analysis. : . T .  ,’ L {“_ ' e oL -
- ’.'.e . ‘ - . . ’ ) T i ‘ -t e ) ;“ ' . i
* } . ' , .' ’ - . - ‘. . . ' . o ) : " . ' .‘ .- o
co ; o T o Iable’z‘ g R . Y T
Comparlson of Pre-Traxnlng Performance and: Procedure | o
Use for Good and Poor Learne;s ‘ B B e .
) e | SR ' Goed Learners Poor Learnmers .‘€(£-'”
~ ' Varlable S ~ ‘(N=29} - (N=20)
ot Mean Percént Recall per Trial S . |
Complete elements =~ . 45 .05%% ‘ - 20.20"
Spatial attributes oo 48 . 20%% : . 26.10
-Ve:bal attributes Y L .. 52.15
Hean Frequency Ratxng of Procedure Use 3
'H*hi_hq-mam“.~~““MEffect1ve'PrQCedures‘ T
Partitioning R .3'24* ‘* S 2.25 -
Memory~directed samplxng o 4.96 - e T 4.37
- Evaluation =~ -« ‘ i 4.00 0 3.82 o ‘
o R  Imagery _ . 5. OS* 4.12 | -
' - - Pattern encoding B 4.90**‘ , 3.68
Relation eacoding o b4 . 465 . 3.04
" Neutral Procedures
o ' - - . o | ?
, Miemonics - - L - 1.14 . . 1.79 '
o  Spatial labeling ‘ 2,18 . 148
- -~ Rehearsal ¢ . .52 4.70.
e __Association 1 .. — 2010 o 1.8Y 0 T
- ‘. Association2 . 035 . 0.75 - ¥
. . Association 3 - - 1.44 1.15
v ‘ . ‘ .
ﬂ--ﬂ%—-n—--‘ -------------------------------------------------
. L *p < .05
- = p < .01
‘_)8 , .
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- Taple 2 caﬁtrests theseigreups on.:eported;neewﬁfwihe~twelve.

L Y

: procedures tralned in this experiment. - Differences between

*groups were evaluated using one-ta11ed t-tests. ~As the first

three rows of Table 2 show, ‘good learners-were superior in‘recall

. \ *

©of eomplete elements, spatxal attr1butes, and verbal attr1butes

! -

N

-
- -

veffective" proceduree. ‘While good and poor’ learners did not

. .

‘These learners, also ten@ed 4towa:d ;mo:e f:equent“use of the

differ’ in their frequency of use of the evaluation prdcedure,

- -

significaﬁ;ly more often ' than did“poor learners. In‘eehtr t,

[ & . . . .

-

good and pcbr leaEnefe did'not~differ'in their-use,ef the Neutral

Precedures- These results replleate the dlfferences between gond

-

4 and poor learners reported by Thcrndyke' and, Stasz (1979) and

- “fukther -xndicatev the efflcacy of the effectxve 1earnxng

*

1

EFFECYS OF TRAINING- ~ _ N

-

To determfne the effects of'instruction’on the use of’ these

'procedures, we compared the pre-tralnlng and post-trazning scores

for sub;ects in the th&ee groups ' Separate analyses 0? varlance

£

were performed far recall Qf complete map elements, recall of

spatlal attrxbutes, and recall of verhal attrlbutes. iFlgure} 4

.

.gqod'leareers‘used‘feur of the;otﬁer lfive',Effeetive Procedures

“f"**f**ﬁ"fshaws‘“the’data“for“recell‘af*compietE'map‘e}ements;-Overaii;Atth‘

mean recall score for the second map was greater than that for
. . nap was 8 t o khan

the (first map, - F(1,40) = 71.31, p < .001. The main effect '

" for the training group was not significant (F < 1). More

b 4

| importantly, 'hpweger; the predicted map-by-treatment in@eraction'
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) confxrned that the Effectlve Procedures group recalled more on

T v

Q-21- ' * .

. -

was relxable, F(Z 40) 3.32, E< 05. A, plamed-cmp'arisan'

the post-traxnxns map than the Heutral Procedures end No ‘

Proeedures_ groups, '5(83) = &, 59 B < .Q01.

F1gure 5 dxsplays the results for recall of spatlal and

verhal attributes. Recell of spatlal attrxbutes {part A)

-xuproved fran the f;rst to the second nap, F{l 40) 70, 27, P
.< .001. = While group differenees were in the expeited direct&on,‘
the 1nteraet10n fell short of. sign1f1cance, §(2,40) = 11.81.‘
j However, a planned couperlson 1ndleeted thet‘.the Effective
}Précedures group recalled more -on the poet-tre1nlng map than the :
other two groups (t(SQ) 48 P < 001), In contrast, reesll of

verhal attrzbutes q;s nearly 1dentxca1 acrass laps and groups

part B)\““y | B .

¢

To fnxther -explore'irhe groep( differences ‘on the pbst;‘-
treining task, perfermsnce ‘on the second map was enelyzed by

‘trieiz Flgure 6 presents the data fnr complete element reeell

» 'I

While the | Effectxve Proeedures group was superxor on all.

“.trials, the naxn treatnent effect was only matgxnelly relxable,

(E(Z,IGQ) = 2.38,-p. < .10), end the interection was, nnt'

significant, (2(8,i662'=.1.0¢):-;HQwever, as Figure 6 shows, the

Effective Procedureg_group showed & marked'improvement in reeell

- i{i’% A

) ‘/ﬁ‘i -

S

after trial 2 relative to the other groups. Post-hoc comparisons

:"dcclared_ the means for the Effeetive"Proeedures group to be

)
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‘larger than those for the Neutral Procedures group at trxals 3,

4 and 5 (2 < .01 far all conparlsons)

Figure 7 preeentSvthe data for recell of spatial and verbal

“attributes by trial} ‘For spatial re£§11°C§art A);,cpﬁﬁarison&

‘of individuel_group.means replicated the pettetn.‘of«résdlts in

'recall of complete elé&ents., Th§~Effectiqe Proeeduree'group;had

.l

S1gn1f1cant1y hxgher recall than the Neutral Precedures group on’

. the * last . three trlals (g < .05 for all conparxsens). For

verbal att:ibutes, the interaction.bethen ropp and tfial\wés~
‘ 8 (‘P .

rellable (EF(8, 160) 2.12, R < 05)

\'-

. As these analyses indicate, the advaptage of the. Effectlve

'Procedures traxnzng was not apparent untxl the thxrd trxal on the

post- traxnlng map This delayed effect may have heen due ‘to the
fact that two of the effectlve procedures (memory-d1rected;
: ;sampllng end evaluatxon) could not be uSEd untzl at least trial

2. Hemory-dxrected sampllng requxred the study of partxcular map

. -
1nformat1on on trial n that had not been: recalled on trxal n-1.

‘Evaluatxon requx:ed suhgects to compare percelved map infornatlnn_

-

on trxal n- toftﬁelr recall of that 1nfermat10n on trial n-l. In

addltxon, these technlques are. most effectlvely employed ‘when

-’

_ pracedures may nd{_have’ been used extensxvely untll Iater trlals

much of the megskias already- been ;learned Therefore, these

-q
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* ASSESSMENT OF POST-TRAINING PROCEDURE USE |

<

‘,Présﬁnablft the suﬁériogf'inprovement _Qf'.the‘ Effective ~ ~:?;§Frf

-

‘Procedures group over the other groups occurred because these -

LS

By

questxonnaires to detetmlne the ftequency ;B use of proceduxes

before’ and after traxnlng

'

Table 3 shows the mean ratlngs for the use of Effectxve' and |

.Neutral procedures by the three groups. The tesults confirm that

7
sub;ects did in fact 1ncrease thelr usq of target procedures

x | L
-.TaB{Z 3'

. Meén,Repotted Frequency of Use of e A"’
Effective and Neutral Procedures ‘ '

 Group - DR Before Training After Training

-

?Effect;ve Procedures

suhjects,usgd the trained procedures~(héreafter referred ~to .as-

L target procedu:es) To . test thls assunptxon, ‘we * scored ths

A

Effective Procedures group ‘Q‘Tél*c > 4.4 *
Neutral Procedures group <3.45 ‘“, : 3.72
-Ho-Prqéedu:es group 4,38 : R 4,23
) ()
¢ " Neutral Procedures:
,v'Effective Proced group 2;18» . 214
v Neutral ProcedﬁreS'g up '1.96-*‘ ~ 2.53 %
_<NeﬁProcedures~grdup : | 1.7  ‘ ;.917
_ “ . — ” ;
. . ) ‘ * . .
‘:$?3
N e



' did not increase for the other two groups.

groups. Similar;y,.the‘Neutral P:deedures-'group reperﬁehl‘mcre

fkeffeetive pfo

Ay

. _27 - ’

» ‘ : ' . . ’ '
’ . . sl . - . , N /

_ after training.._The first three rows indicate that ~ Effective

Procedure use 1ncreased s1gn1f1eantly after traxnxng for. subJects,

1nstructed to use those procedures t(13) 2.42, P <4;:DS,' but . o
( - ° . .

did not increase for the Neutral Procedures or No Procedures

» _ e . . . ,
. frgquent use of target procedures on the second wap.than onfthe ' L
. C _. \ - : T .
‘first, t(15) = 2.31, p < .05. However, use of these procedures o

.¢To further support tﬁe ‘eonCIusiéﬁ ‘thit the ﬁse of the

dures xmproved perfermance, we couputed W1th1n-’

(f'greup corre ations‘hetueen the -reported use; of effectxve and

. o . e 2 .. .
neutral g procedures on the second map-and the 1ncrement in recall

" .

s i o
across maps Thls 1ncrement wa measuxed as the dxfference im0 Y

percent necall on the last trial of the two maps. Tahle 4 shows.'

.

R - Tah1e'4-f T &
Coxrelatxons Between Mean Use of Procedures ‘<
r atter Traxnxng and Recall Increment -
P . ‘ - - X
Effective'Preeedures‘ _ ‘k Neutral Procedures
Complete Spatxal ' Verbal - !Complete Spatial  Verbal

. Elements Attributes Attrxbutes.Elements Attrxbutes Attrxbutes

\ Treatneq;

Effective .50°% - .55 % . .42 16 %.23 -z
Procedures o ' - c iy o

-

B —"

Neutral

Procedures .31 .32 | . .08 17 . .06 ¢ -.15

No : : . S
Procedures .02 . . =-.05 ;‘*&3‘

03 -.41 =54 %
group | -

- ot T W A e ave s My T S W e v W A e
Wt

#p < .025.
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‘procedures 1n detetnlnxng ovetall learnxng success, we '

- -8 )

L | “, . .. ‘
the 'cofkelazxons for recall'\gf cnmplete elements, | spatial
at;rxhutes, ‘and  verbal gttr;butes. As expected the - use of
‘effecti#e procedures ccrrelated télxahly thh xnprbve-ent in

canplete element and spatial recall for. sub;ects traxned to usc

these technlques That 15, the more frequently suhjects ised the
<

effectxve .-procedures, the ‘greater their 1np:ovenent in

-

;_Jsgrfntmance. Three . of these procedhxes (imagery, . psttern.

encodxng, and :elatxen encadzng) operated on Spatxal 1nfoﬂmatxon,

‘while the other three (part1t10n1ng, memory-dzrected sampling,

and evaluatxon) were equally applxdkble to spatial ‘and vqrball

_ znformatlnn. Therefore we expected chat the- cotrelatlon hetweeu

procedure use and perfernance 1ncreuent would be higher for

spatial attrzhutes than for verbal attrzbutes. As the first xOW |

.

of -Table 4 shows, this expectatlon'wss confirmed. In contrast,

ve found no evidence that the use of Neutral . Procedures

faczlxtated learning
VISUAL MEMORY ABILITY. A

- *

V ——

;Shfflight -of the 'impurtént "role 6f ' spatxal learning

iy

ted

that sub;ects vxsual memory abxlxty would affect success on
¥

. learning task ‘In partlcular, siance imagery and perhaps pattern

'and relatlan_encndlng Adepend -on_ thﬂ_mnﬁﬂ__nf__a__215331133§1ﬁnm

‘process, the effectiveness of t:axnxng in these procedures mlght_

‘ dcpend:(an , the ,suhjects‘.- abilitx,* to . visualize'-.spgtzgl .

configurations in memory.

e

.

at
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-

'*ﬁ - The aneiysis of'the Building‘ Hemo:y Test scores provxded'\

-,dhte on euhjects vzsual1zatlon ahllxty The relxablllty of this
test, eegimaﬁed by the”S§earmaanrown fo;mula, was .76. The mean
"'scores -én the 24eitem te;;bivere -1?.61, £dr the fEffe:ggﬁe%'
Procedures gﬁoue, '18.§8‘,for the Neutral Erdcedﬂies group, and
1§7ﬁ8:fer the No .Ptoeedures“ group. An aealysis of variance
‘ indieaeed that the groups éeee indistinéuishable in'visual.nemery
'{ ahility. Across all.subjeets,' the _correlations between. visual
| memory and .cemplete-element recall (r = 54), spatial attrxbute~
; recall (r ~.55), and verbal attrxbute reeall (x -gaa) on the pre-
training map were_ all sxgnxfxcant (E < .01). The same cor-
relet;pﬁs_between aﬁiliey andrpastétreining performanc: were élsé
reliable (r = .63, r = .66, and 1 = .36, respectively, p < .01).

A ’ .« A

PSR

To determine 1f tra1n1ng dxfferentzally 1nfluencedlvpast-~
«training Aperformance for sthects with dxfferent vxsual memory ,
‘abxlxty, we performed a linear regression of . perfornmncef
anrement on traxnlng group and ability.. Fxgure 8 dxsplays the
1ncrement in recall of’eomplete map elements as. a functionm - of
v ‘1 aerllty for each of the tralnxng g:oups. Tﬁe selidliees:
. . : .

represent the best-fitting function for each group, and the
. Ay .

. dashed lineS'_displaf the 95% confidence interval for the
) preqicted recgll scores~-v As Figure 8 shows, recal‘ 1nerement'
'ﬁ:. ;UMHESHHﬁLHJBJELeBhllALy only fn:A suh;ects, in the Effentxfi}”

‘?roeedures graup. We qxshed to ;de;ermzne for what levels of
.rability the‘ ééfective 'Piccedures.training produced siénificagt

imérovements reiative tQ the oeher groups. We therefore used the
) pxedietion- eduatioﬂs, to contrast peffermance' iecrement‘ for

'« hypothetical high-ability (ability score = 24), medium-ability

o

| ‘ o . | . . | ‘. 38 - | | -
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A

“high ability, t(37) = 2.32, p < .01 for medium ability).

\

= 1?.§1, ‘the mean score across subjects), and lcﬁfahility (=
10) subjects. For high and medium ability, the increment for the

" Bffective Proée@pres group was reliably larger than 'thev mean

increment for the 3dther tﬁo‘ groups (5(3?) = 5.23, p < .01 for

&

-

Figure 9 shows the incremests in recall of spatial (part A)

and verbal (part B) _attributes és_a'function, of ﬁﬁisual Memory '

-

ability. For recall Qf spatial attributes, the increment wfor ’

Effective Procedures training was reliably greater than that

for Neutral and No Procedures training-fq:lhigh- and medium- .

L4

ability -subjects (g < .01 for . each). For -récall- of‘verbal‘;*

attrlbutes, thg group dszerences were snaller and hereﬂyellable"

only 'for h1gh-ah111ty sub;ects (2 < .05)

i
The flnding that high-v1sual-memory subjects benefxted most

fron traxnlng suggests that these suhjects mxght have had an

‘advantage over relstively low-ability suh;ects in- sucqessfully‘_

L]

.usiﬁg the trained {procedures,"This advantage could arise from
three sources. First, subjects with high visual] ability might be

" more inclined to choose the spatial learning procedures on their

own, énd thus-théy'presumabiy would'be more practiced at using

the procedures. The first twﬁ columns of Table 5, however, -

Jnggest :haLJ;hiisgas not the case. The' first column gives the

cerrelatxons acrosQ\ all subjects between viSual memory ability

1

"and the use Qf the 31x.eff¢ct1ve procedures’ on’ the first gap,

" prior ' to training. The second column gives the same correlstions

—

'fo: the suhfécts“in the Effective Procedures.g:ouﬁ. None of t@e#e

a | éi() - "‘ N
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Table:S ; 3
. ,Cuﬁréiationé,between‘Visual'Mendrf Ability
~ and Effective_?rocedure Usage
| _j)- i , All Suhlgcts - Effgetxve Procedures Group
. - - A ' ' ‘ Béfare o After : ‘ o el
Proceduxe . ? Before Training Training Training Increment o
: SSSeSsesscssssssoseosos *?*-"'f*‘f “““ T'-""f*"""'-""“"*ﬁ; o :
" Partitioning =01 . .36 0 -.23 - .44 | i" “'1§
I Memory~directed eanplxng 08 . . .37 © .22 =300 - S
. "~ JEvaluation E W07 .21 .35 W15
: |  Imagery- | j S 3 * .27 C.50% .24
~ ¢ Pattern encodxng S 1 1 W26 20 o L
Relation encoding N .27 .22 - W43 0 - 290 .
-. ------- - ------------- L LY L P T P Yy ---u:--—----.-n—--—-.--!:!-- -; . $ 3
* p < .05 : ? L
- ~'co;relations,'is‘stdtistiégily Significant.. Thus, th;:e does not
' ‘dPﬁfaf tb“be‘ijst;ong_relntiodship betwveen the :chbice‘ of anyv:
7 effective learning techniques on the pref;est.aﬂg visual memory - ’
.aQilityf o '. o _‘” - ": S o L t
" The second possxble explanatxon for'the superlor 1mprnvement; o
A - o e
of -hzghrabxlxty ‘suh;ects is! that they used the effective = = K

_procedures more frequently after ‘training than dxd “the " low-

ahxlity subjects Suhgects w1th low abllzty may hxve been less

.

1nc11ned to fellow instructions ta ,use technlques requ1r1ng

SR - visual memory than sub;ects W1th goad vxsual memory. Across all
CT—

"effect1VE‘pr0cedures; “the xncrement‘ln'frequency,of*use from the R

'flrst to the second map was uncerrelated with abxlxty (r =‘}0§)y

" However, as the last column cf Table 5 shows,' this éor;elation o t

varied for 1ndlvzdu;lf procedurgs; For two of*the three non-

spatial’fpfocedureé,.\ low-abilitﬁ ~ subjects increased their

4

' . * . \ . ‘
. ‘, . - . ‘ ’
L y ) - - o . N .




;fréquency of use relativély noté than high-ability» subjects.. In

~ Table Sl;shgws, .hzgh-ablllty subjects used two of the spat;;l-'x'

_;J"": o [ . Cea
-3

contrast, we found pos1t1ve correlatlons ‘between 1ncreased use of"

. the spatxal proceduxes and abxlzty Thus, as the tq;td colunn of

s

. lgafning te;hniques coﬁsiderabiy more frequently én’ tﬁgﬂ'second- B ~f(}

 map than did,gﬁeig low-ability counterparts. L | L.

- the variance due to the’ dxfferences 1n procednre usage was .

signifiéant 2?;6% of the renaxnxng varxsnce in perfarmance ’pf

1ncrement F(l, 11) = 6 80, 2 < 625

Fxnally,' thef effectivenéss .‘§f 'the.‘ spatxai léirniﬁg |

precedures probably depends - on visual nemory abxlxty Subgects

’ . Sy

'w1th poor’ vxsual nenory may-flnd these“techniques ‘dlffxcuit to .

use suceessfully Thus, each use of an effectxve procedure nght - _ B

-be more benefxc;al for hxgh-abllxty than fqr'5 lpw~ab11x;y‘

suhjects. To test .this hypothesxs,acwe regressed performanée '.", R
/ ' ‘ - s

anrement on v1sunl nemory abiilty -and  increment .in procedure

usage -across subgects 1n the Effectxve Procedures group When-'

I3

remnved\ fran the . predxction equatxon, abllxty accounted for a
®

&«

. ,«f
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‘mo or 1rre1evant traznxng
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& W

IV. CONCLUSIONS

It is evxdent fron these analyses 'that. successfq& Rap

learnlng depends on pattxcular study procedures “for selectxns,

-

encodlng, and evaluating 1nfannat10n. Our 'prevxous analy31s of;}.

learnxng protocols (Thorndyke & Stasz, 1979). revealed seve:al

"‘detaxled dzfge:enées in proeeﬂure usage between goad .and puar

»learners Subjects' responses to the procedute questzonnaxre in‘

the present study rép11cated these dxfferences Toé show that

»

PN

. these procedural dxffe:enees were- responsihle for-perfornance'
.,dxfferencess we attenpted to lnprove nap-learnzgg skill by
_teachxng suh;ects how to use s;x procednres that we had observed
,:good learners enploy frequently This t'hxnxng dxd in fact

' improve suh;ects perfornancérgeletlve to subjects whp recexved

- e
\“ .
C 4

While we obtaxned traxning group differenees for recall of

X

'spatxal attrxbutes, the ‘groups did not dxffer in recall of verﬁal

'attrxhutes. ‘Individual "dlfferences '.in' recall. . of vverbal

-

information and in « the use of verbsl learning procedures were

4

much smellef"thxn differences regarding the spatial‘einformatiqﬁx

Further, virtually every subject learned more verbal than spatial

_infernation oe‘the»maps;.Beceﬁge college students typieally learn

'.techniques.' In contrast,,students reiatlve lack of practxee

TS .

' priﬁarii& “verbal ﬂinfdfﬁetion (e.g. 'ffem jtextbeoks, class

lectures), they probahly develop verbal 1earn1ng skxlls and

: -u“ A
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N

at learning sPaﬁial information may restrict their repertoire of

learning techniques and highlight ability differences.
Accardingl?,f the' success of  the effectiveiproéadutes
1nstrggt{£n depended on suhgects visual nenory'ability.ﬁThis
 @bility u%s related bath to how frequently subjects used the

_ traxned spatzal 1earn1n§ procedures nnd to how successfully they .

-

executed , them. - Lou-abxllty suhgects, who - presunably' have .

\ -

.dxffxculty creatlng and holdxns vxsual 1mages in menory, would

" have dxfflculty in using these spatxal learnlng procedures

- effectively. On the other hand h;gh*abilxty subJects could

readxly use procedutes requxrxng attentzon to spat:al 1nfo:natzon.

improved trenendonsly after ttainin8.¢ low-ability,'.subjgéts
improved no more than éuhjectsiin the ethe;‘txdining grcups.

.
) . ' *

L While both leaining procedures ud ablht‘es 8PPE“ ‘to be

. - 4

lmpertant contrlbntars to performance, we cannpot yet assess thelr

rela ive 1mpertance -Addxtxonal. -resetrch 'is requxred to

~

. lnvestxgate whether subjects with relatzvely low visual ne-nry ﬁ

-~ . QQ_

- ahxlxty may be taught to enploy spatial learnlng procedures

. . . L - t o %

between the low-level processes reQuired-ta perfora‘ psychonetric3

1gve1'procedures.-Somc-very_ basic, spgtlal ahllltxes,r such as

visualization, may cofisist of one or a few elementary p?qcésses:

S . We #iew Iei'ping grocednresﬂgs.programflike,combiﬁationsfof'these

low-level processes. Visu§lﬁgagibn:‘fér example, may be a single

. o
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and the ‘use of 1magery Thus, wh;le hlgheabillty suhjectsé_'

2z ', effectlvely. . This question h;nges on the pt&cise re}gtxongh;p f

tests of v;sual ablllty and those requxred for the use of h1gh-.
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component of a more complex procedure, such as evaluation. This
.. procedure may require the .visualization of information in the

‘current focus of attention.

Traditionally, psychoiogists’ have viewed abilities " as

general traxts relat1ve1y resistant to change. Hany learnlng

' procedures, however, are presumably flexlhle skxlls thet are

traxnahle and nay 1mprcve ‘with practxce (cf Hasher & Zacks

; .
1379). Therefore, if low-vzsual—cesory indxvlduels cannot‘

 readily be taught to useﬁspatial,leacnihgeptocedures-effectiyely;e'

then it would appear that theic,use*is highlﬁ ability-dependept‘

‘For‘ 'these',iindividuals, optimal .insttccticcal design mj
”capitaldze oe cthee. learner aptxtude; For fEthﬁlee.(

alght be taught to use procedures that depended on
we:e skllled at us1ng Subgects themselvee eppeee.'_;o - be

patticularly adept at selecting sttetegiee that ete'well-suiced

to thelr abllltxes (e B MacLeod Hunt, & Hathews,' 1978) On'(
; the other hand Lf subjects ef all abxlltles, glven‘suff1c1ent ‘
‘training, can learn spetial processing technzques, current.v

' assqutions about the nature of ebxlxtzes and their explanxtory

poﬁer‘as.a stable source of individual differences would “be

jseriously.chellengedx o d : dA - BT ]

-

Our findings may have‘signficant implications for the‘design ‘

Lo,

of map training courses for _the military. 'Since the qce of

effective processing procedures can significantly improve the .

B - e A R
amount and rate of map learning, instruction in the use of such
L

procedures might provide .a .successful ‘training vehicléd.
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Furtheinote, these procedures might be useful in

nip?using tasks aS“we11.=
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